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ABSTRACT 

The 9.7-/im silicate absorption profile in the interstellar medium provides important 
information on the physical and chemical composition of interstellar dust grains. Mea¬ 
surements in the Milky Way have shown that the profile in the diffuse interstellar 
medium is very similar to the amorphous silicate profiles found in circumstellar dust 
shells around late M stars, and narrower than the silicate profile in denser star-forming 
regions. Here, we investigate the silicate absorption profile towards the very heavily 
obscured nucleus of NGC 4418, the galaxy with the deepest known silicate absorption 
feature, and compare it to the profiles seen in the Milky Way. Comparison between 
the 8-13 pm spectrum obtained with TReCS on Gemini and the larger aperture spec¬ 
trum obtained from the Spitzer archive indicates that the former isolates the nuclear 
emission, while Spitzer detects low surface brightness circumnuclear diffuse emission 
in addition. The silicate absorption profile towards the nucleus is very similar to that 
in the diffuse ISM in the Milky Way with no evidence of spectral structure from 
crystalline silicates or silicon carbide grains. 

Key words: interstellar matter - infrared: galaxies - galaxies: individual: NGC 4418 
- ISM:dust, extinction 


1 INTRODUCTION 

The profile of the silicate absorption band in the interstellar 
medium (ISM) has been investigated by a number of authors 
over the last 30 years. Roche & Aitken (1884, 1985) mea¬ 
sured the 8-13pm spectrum of a number of reddened, dusty 
Wolf-Rayet stars and sources in the central parsec of the 
galaxy and concluded that the silicate absorption profile in 
the diffuse ISM is remarkably similar to the circumstellar sil¬ 
icate emission profile seen in late type giants. They adopted 
the silicate emission profile of the circumstellar shell of the 
supergiant fx Cephei as representative of the diffuse ISM. 
The broad, smooth profile suggests that the grains in the 
ISM are predo minan tl y amorphous. More recent s tudies in¬ 
clude those of iBowev. Adamson fe Whittetl fl998l . Chiar & 
Tielans 2006 and van Bremen et al 2011, who came to simi¬ 
lar conclusions. These investigations have been used to place 
limits on the fraction of crystalline silicates and silicon car¬ 
bide in the ISM through the measured limits on the sharp 
spectral structure that crystalline grains wou ld produce (e.g. 
Kemper. Vriend fe Tielemi 120041 . IWhittet. Dulev fe Martini 
199ol) . 
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A substantial source of uncertainty in defining the sili¬ 
cate absorption profile in the ISM is that the detailed spec¬ 
tral shape of the underlying emission is generally not known, 
but as the absorption optical depth increases, this effect be¬ 
come less important. However, uncertainties in the flux level 
of the underlying emission, together with calibration uncer¬ 
tainties, make it difficult to estimate the amount of grey 
extinction. Fritz et al ( 2011) have used observations of in¬ 
frared recombination lines towards the Galactic Centre to 
estimate the extinction at a range of near- and mid- infrared 
wavelengths and thus place some constraints on the relative 
extinctions in the continuum and the silicate absorption fea¬ 
ture. 

In this paper, we present estimates of the silicate pro¬ 
file of the ISM in the galaxy NGC 4418 which has a com¬ 
pact, very heavily obscured nucleus that is bright in the 
mid-infrared (Roche et al 1986). 


2 OBSERVATIONS 

Observations of NGC 4418 were obtained with the 
Gemini Therm al-Region Camera Spectrograph (T-ReCS) 
llTelesco et al.|[l998l ) in June 2008 under Gemini programme 
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GS-2008A-Q-55. The observations employed standard chop- 
nod sequences, with a chop-throw of 15”. The fixed pixel 
size of T-ReCS is 0.09”. Spectra were obtained through a 
0.35” slit and the broad-lV filter, centred at 10.36-/rm and 
with 50% transmission between 7.70-12.97 pm. The spec¬ 
tral resolution was 0.08pm, sampled at 0.022 pm/pixel. The 
position angle of the slit was 30° and the total on-source 
exposure time was 22 minutes. Observing conditions were 
good, with relatively stable seeing conditions. 

Initial data reduction was conducted using the T-ReCS 
IRAF pipeline. The chop frames were mean-averaged and the 
alternating positions subtracted to remove residual back¬ 
ground structure. Examination of the acquisition image, 
which showed only an unresolved source, suggested there 
would be no significant off-source emission within the chop 
throw. The spectra were centred and straightened, though 
the corrections applied were minimal. 

The extremely deep silicate absorption feature results 
in a dramatic reduction in flux between the relatively lightly 
obscured wings of the band near 8 and 12 /im and the sili¬ 
cate minimum in the 9 -10 /im region. Careful attention was 
paid to residual chop-nod emission and the effects of cross¬ 
talk between the different read-out channels on the detector. 
Weak residual spectral structure above and below the rows 
containing flux from NGC 4418 was coadded and smoothed 
before subtracting from the array image. The silicate ab¬ 
sorption is so deep that the flux at the minimum is >200 
times fainter than in the wings and is not detected right 
in the minimum near 9.7 pm. Wavelength calibration was 
applied using the sky emission line list supplied by Gemini 
for the N-band. Similar processing was applied to the stan¬ 
dard star spectrum of HR4432. Telluric-correction and flux- 
calibration were performed by dividing the averaged galaxy 
spectra by the standard star spectrum and multiplying by a 
4100 K blac kbo dy ap propr iate to the spectral-type of K3.5III 
of HR4432 djohnsonlll966h . The resulting spectrum is plot¬ 
ted in Fig. 1., where the error bars are estimated from the 
scatter in the points. Spectra were also extracted with 3- 
pixel bins to search for any wavelength-dependent spatial 
structure. 

The low-resolution (R~100) spectrum of NGC 4418 ob¬ 
tained with Spitzer was downloaded from the enhanced data 
product archive at the Spitzer Science Center. The data were 
taken under Spitzer campaign ID IRSX005200 and the P.I. 
was J. Houck. The slit width of the low-resolution, short 
wavelength module of the IRS at 10 /im is 3.7 arcsec (Houck 
et al 2004). 

3 RESULTS 
3.1 Imaging 

The acquisition image obtained in the broad N-band filter 
shows a bright, compact mid-infrared object with no evi¬ 
dence of extended emission. The FWHM of the image is 3.7 
x 3.7 pixels, corresponding to 0.33 arcsec. This compares 
with the measured FWHM of the comparison star of 3.7 x 
3.5 pixels and a diffraction-limited width of 0.28 arcsec in the 
N-band filter. From the similarity to the comparison star, we 
conclude that NGC 4418 is unresolved in the N band. This 
agrees with the results of lEvans et al.ll2003l who also found 
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Figure 1. The spectra of the nucleus of NGC 4418 obtained with 
Spitzer (solid line) and TReCS filled circles, in units of 10 —18 
W cm -2 /im -1 . The thin solid (red) and dashed (blue) lines rep¬ 
resent fits to the TReCS spectrum using the p Cep and Trapezium 
silicate profiles respectively. 


NGC 4418 to be unresolved between 8 and 24 /im. The good 
agreement in image size between the galaxy and the star 
implies that the bulk of the flux must be contained within 
a region smaller than the diffraction-limit; subtraction in 
quadrature of the 0.28” diffraction-limited size from the 
measured FWHM suggests a size <0.2 arcsec for the mid- 
infrared emission from NG C 441 8. At a distance of ~34Mpc 
dBraatz, Wilson fe Henkellll997h . this implies a physical di¬ 
ameter of <33 pc. 

3.2 Spectroscopy 

The TReCS 8-13 ;im spectrum (figure [TJ shows the deep 
silicate absorption feature seen in previous observations, 
with a reduction in flux of a factor of >100 between the 
wings of the silicate absorption band at 8 and 13 /im and 
the silicate mini mum at 9.7 /im. The spectrum obtained by 
Spitzer llSpoon et ai l2007ll is also plotted in Fig [I] The cali¬ 
bration uncertainties suggest that the very close agreement 
between the two spectra may be partly fortuitous, but an 
independent reduction of the TreCS data using the RedCan 
pipeline by Gonzalez-Martin et al (2013) gives essentially the 
same result. It is clear that most of the flux detected in the 
large Spitzer aperture is admitted by the 0.35 arcsec TReCS 
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slit, confirming that the emission is very compact. However, 
there are clear differences in the spectral shape, with the 
S(3) H 2 emission line at 9.66 /jm and weak 11.3 pm PAH 
emission evident in the Spitzer spectrum, together with a 
higher flux level in the silicate minimum. It is very likely 
that these spectral features arise from very low level dif¬ 
fuse emission around the compact nucleus, and suffer sub¬ 
stantially lower levels of extinction than the compact core. 
Imanishi et al (2004) have detected prominent H 2 emission 
in their 2 /jm spectrum together with the 3.3 /im PAH emis¬ 
sion band within the central 2-4 arcsec. By contrast, the 
TReCS spectrum shows no evidence for any spectral struc¬ 
ture other than the prominent silicate absorption. 


Spatial cuts across the spectrum of NGC 4418 yield 
FWHM increasing from 3.5 to 4.3 pixels from 8 to 13 /im, 
consistent with an increasing contribution from diffraction 
with wavelength. This behaviour is mirrored in the width of 
the spectrum of HR4432. Examination of the width of the 
NGC 4418 spectrum showed no evidence for a significant 
change in width near the silicate minimum between 9 and 
10.5 /im, although the low flux in this region means that 
the limits are not very stringent. This suggests that we are 
not looking into a resolved optically thick surface at any 
wavelength between 8 and 13 pm, but that the mid-infrared 
source is very compact across the N-band. 

The spectrum can be fit adequately using grey body 
underlying emission suffering absorption by a layer of cool 
silicate grains. The fits with the narrow p Cephei silicate 
profile, taken to be representative of the diffuse ISM, are 
substantially better than those using the Trapezium profile, 
with values of X 2 /N of 2.4 and 6.5 respectively. Even the 
X 2 value obtained with the p Cep profile indicates a rather 
poor fit reflecting the increasing departures from the silicate 
profile near the absorption minimum, but it is a much bet¬ 
ter match than the Trapezium curve. The Trapezium profile, 
which is extracted from emission from warm silicates around 
Theta 1 Ori (Gillet et al. 1975) is taken to be representative 
of silicate emission from molecular clouds (Roche & Aitken 
1985). It is wider than the silicate absorption in NGC 4418, 
and cannot provide a good fit to the short wavelength edge 
of the band (see. Fig.|T]). This is in line with results found in 
other nuclei with deep silicate absorption bands where the 
silicate profile is similar to that found in the diffuse ISM in 
the Milky Way (Roche et al 2007). The absorption optical 
depth given by the p Cep fit is T9.7,^ = 7, in agreement 
with earlier observations (Roche et al 1986). The apparent 
depth of the silicate absorption in the Spitzer spectrum is 
significantly lower, but it appears that this is a result of the 
inclusion of additional extra-nuclear emission in the larger 
entrance aperture of the IRS. Fits to the Spitzer spectrum 
with either silicate curve give absorption optical depths of 
Tg. 7 M m ~ 4 - 4.5, but the fits are very poor. The spectral 
structure near 11.2 pm indicates that PAH emission con¬ 
tributes significantly within the large Spitzer aperture and 
the lack of sharp structure near the 12.7 pm PAH band 
(Roche, Aitken & Smith 1989) indicates that the PAH emit¬ 
ting region suffers much lower extinction than the continuum 
at 10 pm. 


4 SILICATE PROFILE 

Detailed inspection of the fits to the T-ReCS spectrum 
shows that the p Cep profile matches the wings of the sili¬ 
cate profile between 8 and 9 pm and 11 and 13 pm very well, 
but that it starts to deviate in the silicate minimum between 

9 and 11 pm, falling below the measured flux. Several pos¬ 
sibilities for this discrepancy suggest themselves: the p Cep 
profile may be too strongly peaked in this region to fit the 
observed spectrum; there may be a contribution from dif¬ 
fuse emission in NGC 4418 that partially fills in the silicate 
minimum; there could still be residual uncorrected thermal 
emission from the telescope or detector crosstalk effects that 
affect the zero level and hence the measured fluxes at such 
low levels. However, comparison between the Spitzer and 
TReCS spectra suggests that diffuse emission produces the 
S(3) H 2 line, and the 11.3pm PAH feature and that the asso¬ 
ciated continuum fills in the silicate minimum; it is probable 
that this component contributes low level flux at 9 - 11 pm 
in the TReCS spectrum. 

To investigate the silicate profile further, we adopt mod¬ 
els for the underlying emission from the nucleus of NGC 
4418 and examine the absorption profiles required by the 
observed spectrum. There is no evidence of sharp spectral 
structure that could arise from PAH or line emission in the 
TReCS spectrum of NGC 4418. We therefore investigated 
black-bodies, power-laws and a combination of these with 
silicate emission as possible emitting sources. We used a 
blackbody fitted to the Spitzer IRS spectrum at 5.5 and 
15 pm to provide estimates of the minimum level of the 
continuum emission, and then varied the level of underlying 
emission to investigate the range of optical depth profiles 
generated by the observed TReCS spectrum. Examples of 
optical depth curves generated from underlying power law 
and blackbody emission spectra are shown in figure [2] to¬ 
gether with curves from the literature. 

Varying the spectral slope of the power laws or the tem¬ 
perature of the underlying blackbody emission has only a 
very small effect on the silicate profile, but does affect the 
slope of the associated continuum; this is illustrated in Fig 2c 
where the profiles generated from adopted underlying black¬ 
body emission at 200, 300 and 400 K, and normalised at 

10 pm are plotted. Adjustment of the absolute level of the 
underlying emission affects the level of the continuum in the 
silicate profile. The minimum level of the continuum is well- 
defined and is given by setting the opacity of the silicate 
feature to fall to zero at the extremes of the spectrum at 7.6 
and 13 pm. This curve is shown in Fig. 2b along with others 
with higher continuum levels. 

The low signal-to-noise ratio of the spectrum in the sil¬ 
icate minimum between 9 and 10.5 pm leads to a large scat¬ 
ter in the optical depth curves in this wavelength range, but 
the profiles are well-defined outside this region. As antici¬ 
pated from the fits described above, the Trapezium profile 
is substantially broader than any of the optical depth curves 
produced, and no combination of underlying emission spec¬ 
tra can produce a satisfactory match with the Trapezium 
absorption profile. Rather, the optical depth profile towards 
NGC 4418 is a much closer match to the diffuse ISM pro¬ 
files suggested by Roche & Aitken (1984), Chiar & Tielens 
(2006) and Kemper et al (2004). The effects of varying the 
level of the underlying emission are illustrated by the grey 


© 2014 RAS, MNRAS OOO.|T]0 


4 P. F. Roche, et al 





\ (fim) 


Figure 2. Normalised optical depth profiles from the literature 
and derived from the TReCS spectrum of NGC 4418. (a) Top: sil¬ 
icate profiles from published papers (see text), (b) Middle: NGC 
4418 opacity profiles obtained from power-law emission with vary¬ 
ing adopted flux levels compared to the profiles derived from 
// Cep and ISM profiles from Roche & Aitken (1985), Fritz et 
al (2011), Chiar & Tielens (2006) and Kemper et al (2004). (c) 
Bottom: NGC 4418 opacity profiles obtained from 200K, 300K 
and 400K underlying blackbody functions. The large open circles 
represent the opacities determined from hydrogen recombination 
lines by Fritz et al (2011). 


solid lines in figure [2 ]j. The minimum level assumes no grey 
extinction and provides an optical depth curve for the ex¬ 
tinction relative to that at 7.8 and 13 /im. This is similar 
to the silicate profiles generated by some other workers, e.g. 
Kemper et al (2004) who adopted continua near 7.5 and 
12.3 (im to estimate the silicate profile within these limits. 
The close match between the optical depth profile derived 
from NGC 4418 and the ISM profiles confirms the similarity 
between the dust along the line of sight to the nucleus of 
NGC 4418 and that towards the centre of the Milky Way. 

Because the optical depth to the emitting regions of 
NGC 4418 is so high, the addition of silicate emission to the 
power-law and blackbody functions has very little effect on 
the derived opacity curves; essentially the profile is domi¬ 
nated by the absorption component. This is borne out by 
the fits to the spectra, where the addition of silicate emis¬ 
sion components does not significantly improve the values of 
\ 2 obtained, though it does increase the absorption optical 
depth. 

Fritz et al (2011) have estimated the extinction at a 
range of infrared wavelengths from observations of hydrogen 
recombination lines. Their estimates of the relative extinc¬ 
tions can be used to place some constraints on the relative 
extinction levels at the wavelengths of the lines at 7.5, 8.76 
and 12.37 //m. Because the long-A recombination lines are 
relatively weak, the uncertainties on the measurements and 
hence of the extinction determinations are significant, but 
they do provide important guidance, indicating a significant 
continuum opacity at 7.5/rm which will contribute at a level 
of ~ 20% of the peak at 9.7 fim. These data are shown in Fig. 
2c, together with curves that illustrate the effect of varying 
the temperature of an underlying blackbody continuum. 

4.1 Contributions from Crystalline Silicates or 
Silicon Carbide? 

There is no evidence of contributions from silicon carbide 
or crystalline silicates to the N-band NGC 4418 absorp¬ 
tion profile, suggesting that in this galaxy, like the Milky 
Way, the silicates are predominantly amorphous. Figure 3 
show the optical depth profiles of the TReCS spectrum of 
NGC 4418 together with the best fit fj, Cephei and Kem¬ 
per silicate opacity curves. The lower plots show the resid¬ 
ual optical depths i.e. the differences between the NGC 
4418 optical depth curves and the fits using the fj, Cep and 
Kemper curves. In both cases, the residual optical depth is 
A(ta) < 0.2 between 8-9 /jm and 11-13 fi m. The ratio of 
the maximum residual to the peak optical depth is similar to 
that found by Kemper et al (2004) using amorphous silicate 
curves to fit the Galactic Centre profile, indicating that the 
contributions from high band strength crystalline silicates 
in the N-band along the line of sight to the nucleus of NGC 
4418 are similar to those found for the Milky Way. Kemper 
et al (2005) place an upper limit on the crystalline fraction 
of 2.2%, but Li et al (2007) argue that this upper limit is 
increased to ~ 3 — 5% when the presence of icy mantles on 
the silicate cores is taken into account. 

To quantify limits of any contributions from SiC or 
crystalline silicates, fits to the TReCS spectrum were con¬ 
ducted with a power-law or black-body emission functions 
suffering extinction by silicates and SiC. Laboratory studies 
have generated a range of crystalline silicate profiles, and 
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Figure 3. Optical depth spectra of th e nucleus of NGC 4418 obtained using the p Cep emissivity curve (top left) and the silicate profile 
from lKemper. Vriend &; Tielenj (12004 ) (top right). The residual structure between the observed spectrum and the fits are shown in the 
bottom plots and allow estimates of possible contributions from crystalline silicates or other dust components. 


although there are good matches to so me of the features in 
circum stellar shells and disks (see e.g. iMolster fe Kemper! 
(120051) ) these features have not yet been detected in the 
general ISM. There are few good examples of crystalline 
silicate absorption profiles, but Spoon et al (2006) have de¬ 
tected a number of sharp absorption bands in Spitzer spectra 
of Ultra-Luminous Infrared Galaxies that they attribute to 
crystalline silicates. We have employed the crystalline sil- 
icate emissiv it y fu nction derived from IRAS 08572+3915 
llSpoon et all (|2006i )) as the best estimate of a crystalline 
silicate component in the ISM. Including a component with 
this profile in the fits to the NGC 4418 spectrum with the 
p Cep profile does not reduce the value of \ 2 and we con¬ 
clude that the upper limit to the contribution from a crys¬ 
talline silicate peaking at 11 pm is rii /lm < 0.1 compared to 
T" 9 . 7 M m = 7.2 for the p Cep amorphous silicate component. 


The absence of crystalline silicate signatures in the N- 
band is surprising as Stierwalt et al (2014) have attributed 
an absorption band at 24 pm in the Spitzer spectrum of 
NGC 4418 (and several other heavily obscured luminous in¬ 
frared galaxies) to crystalline silicates. Spoon et al (2006) 
found that all of the most heavily obscured ultra luminous 
infrared galaxies in their sample displayed evidence of crys¬ 


talline silicates, although only 08572+3915 showed a definite 
11 pm crystalline silicate absorption feature. 


Similar fits were undertaken to provide estimates of 
any contribution from silicon carbide to the absorption in 
NGC 4418. We used the emissivity profile derived from the 
carbon star Y Tau (see Aitken & Roche 1982) as representa¬ 
tive of SiC injected into the ISM. Adding this component to 
the fit reduces the value of x 2 > from 2.5 with silicate absorp¬ 
tion alone to 2.25, with an optical depth rn Mm = 0.15 at the 
peak of the SiC band. Inspection of the fit shows that the 
introduction of the broad SiC component provides increased 
absorption beyond 11 pm which reduces the optical depth 
of the silicate absorption component by 0.2. Because of the 
breadth of the SiC feature, it is difficult to judge whether 
this is a real feature or rather results from uncertainties 
in the detailed profile of the silicate absorption band. We 
therefore take the upper limit to the SiC absorption feature 
of Tn^m =0.3 as the limit on the optical depth of any SiC 
component. This limit provides an estimate of the amount 
of silicon locked up in silicon carbide of < 4% in the ISM 
in NGC 4418 which is com parable to the limits reported by 
IWhittet. Dulev fe Martini j l990|) along the line of sight to 
the Galactic Centre and by Chiar fe Tielensl J2006I ) towards 
dusty Wolf-Rayet stars in the Milky Way. 
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5 THE OBSCURED NUCLEUS OF NGC 4418 

Many of the salient properties of the core of NGC 4418 are 
summarised by Sakamoto et al (2013). The deep silicate ab¬ 
sorption with rg. 7 ^ m ~ 7 corresponds to a visual extinction 
of ~100 magnitudes for a cold foreground screen or more if 
we are looking into an optically thick source. Other extinc¬ 
tion estimates have been derived from x-ray and mm-wave 
observations which indicate a compact, dense warm core 
which may harbour a Compton-thick AGN (e.g. Sakamoto 
et al 2013, Maiolino et al 2003), while the non-detection of 
NGC 4418 by SWIFT/BAT2 (Koss et al 2013) may also be 
consistent with extremely high levels of obscuration. Recent 
radio wavelength interferometry by Varenius et al (2014) has 
revealed a cluster of compact sources within the central 0.2 
arcsec, which may arise from young star clusters and/or an 
AGN in the nuclear regions. One or more of these objects 
presumably emits the mid-IR flux, and they add to the pic¬ 
ture of a very compact source or compact group of sources 
in the nuclear regions. 

The core is compact at all wavelengths and accounts for 
the bulk of the infrared output of 10 11 Lq, with the source 
of this emission lying behind a very high column density of 
obscuring dust. The very high column density and spectral 
energy distribution indicate that the dust emission from the 
core remains optically thick out to far-infrared wavelengths 
(Roche & Chandler 1993, Sakamoto et al 2013). The fact 
that the silicate absorption profile towards the core is narrow 
and consistent with the profiles found within the diffuse ISM 
in the Milky Way suggests that the bulk of the observed mid- 
infrared extinction arises in diffuse material surrounding the 
dense molecular core. This diffuse material must have a very 
high covering factor, at least from the viewpoint from the 
Earth. 

It has been argued that the dust along the line of sight 
to galaxies with very deep silicate absorption features is pre¬ 
dominantly located in the extended structures of the host 
galaxy rather than in the central region or molecular torus in 
active nuclei. This conclusion is supported by the narrow sil¬ 
icate profile of the most heavily extinguished objects (Roche 
et al 2007), the fact that AGN host galaxies viewed at high 
inclination have deeper silicate features than those at low 
inclination (Alonso-Herrero at al., 2011), and the poor cor¬ 
relation with silicate depth of Compton-thick AGN (Gould- 
ing et al., 2012, Gonzalez-Martin et al., 2013). NGC 4418 
may be an extreme example of this, with the bulk of the 
silicate absorption arising in the diffuse ISM, perhaps in the 
dusty structures seen in the NICMOS images (Evans et al., 
2003) 

Costagliola et al (2013) have estimated that cool mate¬ 
rial surrounding the compact nuclear core of NGC 4418 has 
an atomic HI gas column density of at least 2 x 10 22 cnU 2 . 
This is about an order of magnitude lower than the hydrogen 
column density inferred from the ~100 magnitudes of visual 
extinction corresponding to the silicate absorption feature, 
adopting a ratio of N(h) = 2.2 x 10 21 A(v) cm -2 (e.g. Guver 

6 Ozel 2009). However, although the core is very compact 
at both IR and radio wavelengths, the underlying emission 
sampled by the silicate absorption may well have a differ¬ 
ent spatial extent to the radio continuum, and so we should 
perhaps not expect close agreement. More puzzling are the 
unusual spectral properties of NGC 4418 in the 5-8 /im re¬ 


gion where strong absorption features attributed to ice and 
hydrocarbons have been detected (Spoon et al 2001, 2005). 
The strong, broad absorption at 6 /im attributed to water 
ice, which has an optical depth t ~ 0.8 (Spoon et al 
2001 ), strongly suggests that there is significant cold molec¬ 
ular material along the line of sight. It appears that the line 
of sight towards the nucleus of NGC 4418 incorporates some 
molecular material , but as is the case towards the Galactic 
Centre (e.g. IChiar et al.lhOQOl '). the dominant component of 
silicates is representative of the diffuse ISM. The ratio of 
optical depths in the 6 pin ice band to the silicate feature is 
about a factor of 3 higher towards NGC 4418 than towards 
Sgr A, suggesting that the line of sight to the former passes 
through more cold dense material. 

Unfortunately, the non-detection of emission features in 
the mid-infrared spectra from the ground (and the absence 
of ionic emission lines in the Spitzer spectrum) means that 
the nature of the source(s) emitting the mid-IR continuum 
remains unclear. It is however clear that we are not observ¬ 
ing the spectrum of a typical galaxy dominated by nuclear 
star formation (e.g. Roche et al 1991) but rather seeing into 
a region with bright, warm, compact and almost certainly 
optically-thick, continuum emission through an absorbing 
layer of predominantly diffuse material. 


6 CONCLUSIONS 

The silicate absorption profile towards the nucleus of 
NGC 4418 is very similar to the absorption profiles mea¬ 
sured in the diffuse ISM in the Milky Way, with no evidence 
of spectral structure that would arise from substantial con¬ 
tributions from crystalline silicate or silicon carbide compo¬ 
nents. The profile is consistent with those produced towards 
obscured objects in the Galactic centre and because of its 
high optical depth, T 9 . 7 Mm = 7, the shape of the profile is rel¬ 
atively insensitive to the spectrum of the underlying emis¬ 
sion component. Limits on possible contributions by crys¬ 
talline silicates or silicon carbide grains to the absorption 
profile towards NGC 4418 are similar to those estimated 
towards obscured objects in the Milky Way. 

It is likely that much of the silicate absorption at mid- 
infrared wavelengths arises from cool material outside the 
warm molecular core, in which the source of the luminosity 
is embedded. The non-detection of any emission lines in the 
TReCS spectrum suggests that the mid-infrared emission 
that emerges from the nucleus is a warm dust continuum 
with weak spectral structure. 
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